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Summary — The synthesis and the nidation inhibitor)' activity (indirect evidence of prolactin activity) of a new class 
of ergolinyl-acylureas is described. Some structure— activity relationship considerations are also reported. N-[3- 

(piriiclhy]-aiiiiiio)pi opyl]-A-[(cthy!amino)carbt?r>yl]-6-(2-propenyl)ergoline-8/9-carboxamidc (laboratory code FCE 
2i336; international non-proprietary name cabergoline) was the most interesting compound of the series and is now 
under extensive clinical evaluation in treatment of hyperprolactinemic disorders. 



Resume — Syn these et acti vite inhibitrice sur la nidation d'nne nouvelle dasse de derives de F ergoline. Les auieurs 
ont demerit la synthese et V activity inhibitrice de la nidation d'une nouvelle classe d'acylurees d'crgolinyle. En outre, ques- 




tion clinique approfondie, 

ergolbie-acyhireas/ nidation inhibitory activity/ FCE 21336 /cabergoline 
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Introduction 

Natural ergot alkaloids and synthetic ergoline derivatives 
display a remarkable variety of pharmacological activities 
depending mainly upon the nature and the configuration 
of substituents at position 8 [1, 2]. Various ergot deriva- 
tives, e.g., bromocriptine, lisuridc and pergolide^ have 
shown potent dopamine agonist properties and have been 
useful as anti-Parkinson drugs and as prolactin inhibitors 
[3, 4]. In fact, by decreasing pituitary prolactin secretion, 
these compounds can be used for inhibition or suppression 
of puerperal lactation and in prolactin-dependent disea- 
ses, such as amenorrhea -galactorrhea. Dopamine recep- 
tors are located not only on the lactotrophic cells in the 
anterior pituitary, but also in the central nervous system 
and, they have now been found in many peripheral sites 
including autonomic nerve endings in tbe cardiovascular 
system [5]. The anti-hypertensive properties of dopamin- 
ergic ergoline derivatives are now under extensive phar- 
macological evaluation [6]. 

As a part of a project related to the synthesis of novel 
semisynthetic ergolines having a broad spectrum of phar- 
macological activity [7], we planned to prepare a series of 
amides derived from 9,10-dihydrorysergic acid I {8]. Among 
the various synthetic methods for the*acid-to-arnide trans- 



formation, the activation of the carboxylic group by dtcy- 
clohexylcarbodiimide and the subsequent reaction of th 
acyl isourea with an amine is a well-known procedure 
commonly employed [9]. One of the major difficulties 
associated with this method when applied to dihydrolyser- 
gic acid, is the tedious separation of the dicyclohexylurea 
end, sometimes, when the amine is only weakly nucleophi- 
lic, the formation of the acylurea, namely N-cyclohexyl- 
//'-[(cyclohexylamino)-carbonyl]-6-methyl-ergoline-8^- 
carboxamide II . 

The observation that II was endowed with some anti- 
hypertensive activity in spontaneous hypertensive rats 
stimulated us to carry out further research on this class of 
compounds with the aim of seeking agents having increas- 
ed anti-hypertensive activity. 

While the an ti -hypertensive activity of the first terms of 
the new class of compounds did not show an increase in 
potency, some of these compounds appeared to exhibit 
prolactin secretion inhibitory activity, indirecdy shown by 
the nidation inhibitor}' activity in rats. Our research activ- 
ity was therefore redirected to obtain, through modifica- 
tion of the acylurea side chain, a compound displaying a 
potent anti-nidation activity and possibly devoid of anti- 
hypertensive activity and un towards side effects (e.g., 
emesis). 
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Chemistry and Pharmacology 

The reaction of an organic acid with a carbodiimide gen- 
erally occurs rapid] y and the acyl isourca, thus formed, in 
absence of a nucleophile leads by internal rearrangement 
to JV-acytureas (Scheme 1). 




Scheme L 

In the first instance, the syntheses of II— V (listed in 
Table I) were performed by reaction of 9, 10- dihydro lyser- 
gic add with commercially available carbodiimides, such 
as /v\AT-dicyclohexyl, A^/V'-diisopropyt, NJV'-diterbutyl, 
N-(3-dimethylaminopropyl)-yv'-ethyl or freshly prepared 
ones [10], in tetrahydrofuran or dimcthylformamide as 
solvent with the reaction time depending upon the carbo- 
diimide. 

Among these acylureas, the mixture of acylureas, ob- 
tained by treatment of dihydroiysergic acid with 7V-(3- 
dimethyiaminopropyi)-AT'-ethyl-carbodiimide showed an 
appreciable activity in the nidation test, indicative of an 
anti-prolactin activity. Since it is known that the substitu- 
tion of the 6-methyI group with a higher linear homolog 
increases the anti-prolactin activity in ergolines [11, 12], 
the introduction of a 6-propyl and 6-(2-propenyl) substi- 
tuent was considered. The required Af-alkyl dihydrolyser- 
gic acids were prepared by alkylation of 6-nor-dihydroly- 
sergic acid methyl ester using the procedure described in 
the literature [13], The /V-alkyl esters were subsequently 
saponified to give the required acid. In fact, the mixture 
of regioisomers obtained by reaction of 6-(2-propenyl)- 
dihydrolysergic acid la with the above-mentioned asym- 
metric carbodiimide (Scheme 2) showed a greater anti- 




Scbeme 2. 



prolactin activity with an approximate ED 5 o of 0.04 
mg/kg evaluated in the nidation inhibition test. At this 
point, it was deemed appropriate to isolate the two 
isomers by means of preparative high-pressure liquid 
chromatography (HPLC). Of the two compounds thus iso- 
lated, IX showed a very high activity (ED50 = 0.025 mg/ 
kg) whereas that of X was one order of activity lower. 

Regiochemical assignments were based on analysis of 
mass spectral data which for IX and X provided two differ- 
ent fragmentations that could as well be linked to a ther- 
mic degradation reaction. The main fragments were origi- 
nated by loss of ethyl isocyanate for IX (m/z 380) and 3- 
dimethylaminopropyl isocyanate forX (m/z 323), respec- 
tively, probably via a 4-mcmbered ring mechanism, as 
indicated in Scheme 3. 




Scheme 3 r 



The activity displayed by IX was considered outstanding 
and the subsequent need for a consistent amount of this 
compound, for further biological studies, required the 
development of a different synthetic process. 

The phenomena observed 00 mass spectroscopy (loss of 
isocyanate) suggested that, on the contrary, the addition 
of isocyanate to an amide could be a possible efficient pro- 
cess for the target compound and analogues. 

The first step of the planned synthesis involved the ami- 
dation of 6-(2-propenyl)-9.10-dihydroiysergic acid methyl 
ester by 3-dimethylamino-l-propylamine in the presence 
of one equivalent of the amine salt to give the amide XI 
in good yield [14]. The subsequent reaction of amide XI 
with ethyl isocyanate was investigated in detail in regard 
to the concentration of reagents, solvent and temperature. 
The best results were obtained by using a very large excess 
of ethyl isocyanate in refluxing toluene. 

In addition to the main product IX, the addition of ethyl 
isocyanate to the nitrogen of indole yielded a small 
amount IXa (Scheme 4). 

Using this new procedure, the analogs of IX bearing 
various substituents on position 6 and on the side chain 
were synthesized and the results are summarized in Ta- 
ble T, together with the biological data (nidation inhibition 
and acute toxicity). The required amides XJI. XIII, XTV 
were synthesized similarly to compound XI. 
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Discussion 

The results of our study showed that 6-substituted ergoli- 
nyl-8/?-acyIureas are endowed with a strong anti-proiactin 
activity in rats, as revealed in the nidation inhibition test. 
Among them. IX, namely ,V-[3-(dimethy]amino)propylj- 
/v4( ethv l*rm no ) carbo ^ 

boxamide, was the most interesting, having a very high 
potency in the anti-nidation test (EO 50 0.025 mg/kg/?.o.) 
and a low toxicity (LD 50 « 400 mg/kgp.o.)- On the basis 
of these considerations, IX was preferred over XV for fur- 
ther development, since the latter had similar activity but 
considerably higher toxicity. Bromocriptine, the reference 
compound, was about 200 times less potent than IX in the 
anti-nidation test, its ED^ being5.7 mg/kg p.o. As seen 
from the data reported in Table I, replacement in the side 
chain of the ethyl residue with methyl XVIII resulted in a 
reduced potency and the introduction of a phenyl XIX 
practically abolished it. Replacement of the 6-rnethyl with 
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a 6-isopropyl group XVII yielded, as expected, an almost 
inactive compound confirming the importance of the steric 
factor for dopaminergic activity, as previously observed 
for other dopaminomimetic compounds. 

Compound DC (laboratory code: FCE 21336; internation- 
al non-proprietary name: cabergoline) was found to be a 
long lasting prolactin lowering agent in rats [15, 16] and 
was selected for further pharmaco-toxicological studies. 
'The compound is now under extensive clinical evaluation 
and its potent long lasting prolactin lowering effect in 
conjugation with the absence of side effects in healthy 
male volunteers and hyperprolactincmic patients [17] 
should make cabergoline a welcome advance in the medi- 
cal treatment of hyperprolactinemia [4J. 



Experimental protocols 



Chemistry 

Melting points were determined on a Buchi meltina point apparatus and 
arc uncorrected. IR spectra were recorded on a Pefkin-Elmer 125 spec- 
trophotometer. *H NMR spectra were recorded on VarianXL-200 spec- 
trometer, except for compounds II, III, TV, X ? XII ; XVII and XVIII 
(chemical shifts are given in ppm (5) downfield from tetramethyl silsme 
(TMS). E.I. Mass spectra were recorded at 70 eV on a Variaa MAT 311 A 
mass spectrometer. Ail compounds had TR, NMR and mass spectra that 
were fully consistent with their structure. The results of elemental analy- 
sis (C,H,N) were within £ 0.4% of the theoretical value. 

HPLC separation was performed with Prep LC / System 500 appara- 
tus (Waters) using a Prep-Pak 500 /Silica column (Waters). 

Method A 

N- Cyclohexyl-H-l( cycloh cxylamino)- carb onyl]-6-meihyl&goHnr.-S(*-cur- 
boxamide A 

A mixture of 5 g (0.018 mol) of dihydroJysergic acid. 3.S » (0.0 IS mol) 
of N, .V'-dicyclohexyJcarbodiimide in tctrahydrofuran (500 ml) was 
rcfluxed overnight. The solution was evaporated to give a solid residue. 
The residue was taken up in 10% NkHCOj solution and extracted with 
CH 2 C1 2 . The organic layer was dried (Na 2 S0 4 ) and evaporated. The 
solid residue was crystallized from methanol to cive 5.4 g (61 %) of pure 
II. mp: 2Q5- 207»C. Anal. (CzyHoNjOj) C.H.N. IR (KBr): 3500- 
2700 cm-* (v N-H, v C-H); 1660 cm-' {» C^O). 'H NMR (CDCk) 
(60 MHz) S: 2.48 (s. 3H r NCH 3 ); 6.8-7.3 (SH, aromaticH's, CO-A 7 H)*t 
9.J7 (bs, !H, ArTf-1). MS (FD) m/z: 476(100, M- ), 351(74). 

N-/.ropropy/-N-/(tfo/>ropy/^^ 
boxamide IB 

Compound III was prepared starting from dihydrolysergic acid by reac- 
tion with A\ A"-diisopropylcarbodiimidc t to give the title compound in 
65% yield, mp: 202-204°C. Anal. (C^H^O,) C,H,N. IR (KBr): 
3500-2700 cm-' (v N-H, v C-H); 1650 cm-» (v C=^0). »H NMR 
(CDC1 3 ) (60 MHz) 5: 1.20 (d, J=6.5 Hz, 6H, NCH(CHj) 2 ; 1.43 (d, 
7=6.5 Hz, 6H, NHCH(C7f,fe; 2.48 (s, 3H, NC// 3 ); 4.03 (dq, i~6.5 Hz, 
IH, NHCW); 4.52 (q, J-6.5 Hz, 1H, NC«)> 6.8-7.3 /in, 44, H-2 t 
H-I4); 7.30 (bd, /=7.0 Hz, 1 H N//CH); 5.39 (bs, lrf, N/71). MS (EI) 
m/r. 39K (64, M+- ); 311(100); 270(50); 255(48); 223(43); 167(39); 
154(62); 144(42); 127(14); 114(27). 

N\-Buiy/-[ (l-butylamino)~carbon ylf-6-mcihyUrgolinc-8p-carboxamide 
IV 

Compound rv wa» ptcpaiea starting from dibyOro lysergic acid by reac- 
tion with N,N'^i-f-butylcarbodiimide, to give the title compound in 
75% yield, mp: 194-106«C. Anal. (C^H^O*) C.H.N. IK (KBr): 
3600-2700 cm-' (u N—H. v C-H); 1660 cm-» (*• OO). 
»H NMR (CDClj. 60 MHz): 5 1.42, 1J53 (two s, 1SH, NC(C// 3 K, 
NHC^C/Y^); 2.47 (s, 3H. NC/Y 3 ); 5.40 (bs, lH.Nf/Cj),): 6.8-73 (m, 



4H, Ii-2, H-I2, H-I3 y H-14y, 8.23 (bs, 1H, A7/-1). MS (EI) m/r. 

^WliiS^^^ 270(100); 225(31)1 223(34); 167(42)1 

K-Mcthyl~W-{{metkylanuno)-carbonyl)-6-m^ 
m\de V 

Compound V was prepared from dihydrolysergic acid by reaction with 
A, A -dimcthyicarbodnmidc, to give ihe title compound in 62% yield. 
mp: t 2 / l5 ; 2l ,? C AnaL ( C » H =< N «0 2 ) C,H,N. IR (KBr): 3600-2700 
cm-i (i'N-H. fC-H); 1660 cm"' (i-C^O). l H NMR (CDCK) 5: 2.50 

k?£;,y C "^ 289 J ^ $0 3H. NffCHj): 3 .48 (s, 3H. 
CONC//,);.6.S-7.3 fm s 4H, H-2 y H-12. H-i3, H-I4)i K. 18 (bq, 7=5.0 
Hz, IH, N//CH ? ); 9.46 (bs, IH. A'/M). MS (EI) m/r. 340(5K, M-): 
283(89 ); 225(43); 223(61); 167(79J: 154(98); 144(100); 127(43); I16(7S); 
80(67). 

N-Cye/ofcdLty^N-/(e>r^ 
8fi-carboxmniHe VI 

Compound VI was prepared starting from 6-(2- pro penyi) -dihydrolyser- 
gic acid by reaction with W-dicyclohexyJcarbodiimide, to give the 
title compound in 6fi% yie-.M mp- 15fl-l52»C. Anal. (Ci,H«,M*0.) 
C.H.N. IR (KBr): 3600-2700 cm-' {v N-H, v C-H); 1660 cm-» (v 

00) . *H NMR (CDC1 3 ) a: 1.0 -2.0 (in, 21H. H-9cx % CH 2 '& of cyclo- 
hexyls); 2.5- 2.3 (a, 4H ? H-4ux t H-5ax. H-7ax, H-Sax); 2.9-3.2 (m, 
2H, H-7eq y H-lOax); 3.34 (dd. 7-7.5 & 14.2 Hr. f IH, 
NC//(H)CH-CH,): 3.44 (dd. /=3.8 & 14.0 Hz, IH, H-4e)[ 3.57 (dd, 
J=5.8 & 14.2 Hz, IH, NCH(^/)CH=CH 1 ); 3.70 (m, IH, NHCH); 4.03 
(m, IH, NCW); 5.22 (rn, 2H. C// 5 =); 5.97 (ro. Ill, C//-): 6.8-7.2 (ro, 
4H r //-2. H-12, H-I3, Tl-M); 6.S0 (bm. IH, N/VCH);7.92 (bs s IH, iV/7- 

1) . MS (HI) m/r: 502(2, M' ); 377(42); 336(19); 306(20); 27R(13); 
251(25); 167(41); 154(100); 144(33): 125(70). 

W-Isapropyl-H-[(isopropylamino)^arbotiyl]-6-ft-prupy^^^ 
boxamide VfJ 

Compound VII was prepared starting from 6-/i-propyldihydrolysergic 
acid by reaction with Af',A r '-diisopropylcarbodiimidc, to give the title 
compound in 60% yield, mp: 143-'t45»C. Anal. (C*H,*N,0 7 ) C,H,N. 
IR (KBr): 3550 - 2700 cm i(r N-H, v C-H): 1650 cm" 1 {v C=C). 
»H NMR (CDQ,) 5: 0.SS (t. 7=6.0 Hz, 3H, NCH 2 CH : CH 3 ); 1 .15, 1.22 
(two d, 7=6.5 Hz. 6H, NHCH(CH^, HCH(CH^y % 3.87 (m, IH, 
NHC/7(CH,),0; 4.38 (m, 3H, SCNiCH^: 6.7-7.2 (m. 4H, if-2, H- 
12, H-13. H-14)\ S.32 (bd, 7=8.0 Hz, IH, N//CH); 10.49 (bs, IH, Ntf- 
1). MS (EI) m/z: 424(46, M* ); 239(100); 310(49); 298(29); 253(55); 
251(40); 167(61); 154(90): 144(35); 70(78). 

N«.Wer/iy/-N- ( methylamino )-carbonyl)-6-(2-propenyl)-er&olinc-8&-car- 
btixamitU VW 

Compound VUl was prepared starring from 6-(2-propenyJ)diliydrolyscr» 
gic acid by reaction with freshly prepared A ; //'-dinicthylcarbodiimide 
lo give the title compound in 68% yield, mp: 106— lOS^C. Anal. 
(QjH^Oj) C,H,N. IR (KBr): 3500-2700 cm-* (v N-H, v C-H); 
1650 cro-i (v C=Q). 'H NMR (CDQ,) 8: 2.S7 (d, /=6.0 Hz. 3H, 
NHCWj); 3.50 (s, 3H, NC// 3 ); 5.0-6.3" (m, H, N-CH 2 -CH-CH 2 ); 
6.6-7..1 (m, 4H : H-2, H-I2. H-7?, Ul4Y t 8.08 (bq, 7*6.0 Hz, IH, 
NHCHj); 9.23 (hs, IH, N//-1). MS (EI) m/zz 366^39, M» ); 309(57); 
268(24); 251(28); 209(54); 167(66); 154(100); 144(56): 127(45); 57(70). 

N ( DunethyIamino)prnpy!J'bJ-[ ( elhylatnino)~carbonyI]-6- (2-prope- 
nyO-ergoIine-Sp-carboxamuIe DC and H'[[[3'(dimethytamino)pro~ 
pyl]<muno]carbonyl]^-ejhyl-6-(2-propenyl)-ej%oti^ 

A mixture of 5 g (0.017 mol) or 6-(2-propenyl)-9,10 dihydrolysergic 
acid, 5.95 g (0.031 mol) of iV-ethyKA^'-(3-dimethylamino)propyKcarbo- 
diimide hydrocliloride and 4.34 ml (0.031 mol) of triethylamine in 
dimethylfomiamidc (100 mi) was stirred at room temperature overnight. 
The reaction mixture was concentrated and ice and 1 N NaOH were, 
added to adjust to pH 9. The basic mixture was extracted with CH^C^. 
The organic layer was dried (Na2S0 4 ) and evaporated. Thin layeT chro- 
matography (IX.CJ) of the residue on a silica gel plate indicated that the 
residue consisted of two components. HPLC separation was carried out 
using as eluent a mixture of ethyl acetate /n-butanol/ pyri- 
dine /dimcthylformamidc 30/20/7/20. After crystallisation from 
diethyl ether, 3.5 g (46%) of pure DC were obtained as a white solid, mp: 
102- 104«»C Anal. (C^HjOj) C,H,N. IR (KBr): 3600-2700 cm » (v 
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N-H ^C-HV 1690 an-' U- C=0). l H NMR (CDCI.,) ft 9.43 (bt, 

rf/=CH*V 5^1 (m. 2H. C7^=CH-); 3.84 {rn f CO- 
N-C^CHf)T3J0Ti|. /-7.5 AS.0 Hz, IH, NH-CH 2 -CH r ,); 2 56 
fdd i=U5'& 11.5 Hz, IH. //-7:7a); 2.34 (i, 7=6.5 Hz, 2H, 
C/fUNfCH;).): 2.23 (>. 6H. N(C//0 S ); 1-77 (ddd, /=12 0 12 0 & 12.0 
Hz*lH/«.9^): 1.18 (t. 7*7.5 Hz, 3H, C7/ 3 -CH L - N). MS (El) m/s 
451 ( IS. M-l; 380(22): 339(12); 251(23); .154(53); 53(100). 

Continuing elution with the same clucnt, 2.7 g (35%) of pure JV-[[[3- 
(dimethyJamino)propy!)aininol-c a rhonyl)-A'-crhvl^-propcnyI)-crg^ 
line 80-carboxamide were obtained as a while loam.Thc compound was 




323(49); 283<18); 251(18); 154(38); 5«(100). 

Absolution of 25 g (0. OS mol) of fi-(2-piopcnyl)-9,»0-diliydroly«sr S tcaciJ 
methyl ester in 3-dimcthvlarnino-l- propylamine (150ml) and glacial ace- 
tic acid O mi) was refluxed overnight and the 3-dunciliylaiuiijo-l -propy- 
lamine in excess was evaporated. The brown oily residue was taken v.p 
in a 10% NaHCOj solution nnd extracted with ethyl acetate . The organic 
extracts were washed with brine, dried (Na 2 SOJ and the -solvent evapo- 
rated The residue was crvstalhzed from acetone m give 26.2. g (a5 of 
Pure amide, mp: 200-2O2-C. Anal. (C«H*N O) C,H,N IR (KBr): 
3380 and 3000 cm » (*' N-H); 1625 on <v Tr C=s £>- 
'H NMR (CDCh) 5: 7.97 (h ?1 1H, ATM); 7.61 (bt, i=5.0 Hz ; lH. 
ySf-CO-S) 5.97 (m, IhNc^CH,); 5.25 (m 2H C/£-CH-); 
2.46 (dd, .7=11.5 & 11.5 Hz, 1H, H-7ax): 2.42 (t : /-6.0 Hz. 2H. 
CH ,-N(CMO>); 2.24 (s. 6H, - N(CH i )-); 1.67 (di, J-6.0 6.0 Hz, 2H. 
CHl-Ck: -N(CH 3 ) 2 ); 1.63 (ddd J= 12.0. 12.0 & 12.0 Hz, 111. Wax). 
MS^EI) m/r: 380(8, M* ); 339(5); 251(H); 154(33); 53(100). 



tpound 



N-H *C-H):I660cm-»(vC=O). *H NMR (200 MHz, DMSO-do) 5: 
L 37 (ddd S-12.0.12-0& 12.0Hz t IH, tf-0<wr); 2.28 (dd, J=U .0& 11.0 
Hz iH /f.7ojch 2.30 (m, IH, H-5ax); 2.5-2.8 (m f 4H, H^ax t H-8ax. 
H-9en. H-lO ,«); 3.01 (in, IH. tf-7«7): 3.34 (dd, 7=4.0 & 14.5 Hz, IH. 
wJS 3.36 <«. 2H, NC/«; 5.20 (m, 2H. =Ctf*): 5.93 (m, IH, C//=): 
660 (bs. 2H, CON*,); 6.8-7.2 <m s 4H, H-12, 
H-I3 MAX 10 61 (bs, iff. N#M). MS (El) m/r: 295(92, M»); 
254(28); 215(21): 24908V, 209(S0); 167(75); 154(100); 144(65); 127(55); 
43(39). 

H-f3-{dimethylamino)propytJ'li-((titiy!w 

cAoiine^-carboxamide IX and ^(3'(dimethyhmino)propylh^ 
((ethyl*m:no)carbonylf-J*thylaminocarbonyh& 
80~carboxamidc VCa t ,, _ 

A mixture of 10 g (0.026 mo!) of **4>(< ,iroe ihylamino)propyl]-6-(2-pro- 
penyi)-creoline-8£-carboxarnide in toluene (200 ml) and ethyl tsocya- 
nate (40 ml) was refluxed overnight. l*he reaction mixture was evaporat- 
ed to «ive an oil which was dissolved in chloroform , washed several times 
with bVine and dried (Na^S0 4 ). The solvent was removed and rhe resul- 
ting crude compound was chromatn graphed on silica ge! using acetone 
as cluent. The first fractions gave, alter evaporation of the eluent and 
crystallization from diisopropyl ether. 0.57 % of ^purc IXa, mp:. 



N-O- (Dimethylamin o)propyl!-6-propyl~crgoUn! Bfrcarboxamtde 
Compound Xll was prepared accordi ng to the procedure for comi 
XI. starting from 6-n-prapyl-dihydrolysergtc : aotT methyl «ter, to give 
the title compound in 78% yield, mp: 202 -204-C Anal. (QoH^ f O) 
C HN IR (KBr): 3600-2700 cm I (r N-H, v C^H); 1660 cm"* {v 
C=6).'-H NMR CDO,. 80MHz) S: 0.90 (t, 7-7.0 Hz. 3H, JM: 
2 25 ^ 6H N(C//.)2); 6.8-7.2 (m, 4H, K-2. H-12. H-I3. H-14)\ 
1M^ % M^^^:^H-^ CONH). MS (HI) *,/*: 3^(3? M^; 
^f20); 251(24); 167(21); 1.S4(30); 144(28); 127(11); 84(46), Dh(100); 
43(22). 

H.[3-(DimeAhylamino)propyl}-6-isopTopyl-ersoU 

xm 

Compound XIII was prepared according to the procedure described for 
compound XI. starting from 6-isopropyl-lysergic acid methyl ester, to 
rive the title compound in 65% yield as a white roam. Anal, 
rr H ■ N CT> C H N IR (KBr): 3600^-2700 cm'' {v N-H. v C-H); 
m ft? C=OV 'iH TNMR CD0 3 , 200 MHz) 5: 0.92. 1^3 (two d, 
/Ifi 5 Hz CHfCffOi): 1-65 (ddd,/=12.4, 12.4 & 12.4 Hz, IH, tf-9ur); 
lTl (K ^N(fA,W; 2.26 (s, 6H. 2.28 1 (dd. 
/Jtl 0 & 11 0 Hz,' IH, H-7^) 2.44 (m, 2H, CKjN^H^; 2.5-2.7 

/SlrS- 3 26(m IH H-sea); 3.40(m, 3H. CONHC/f*. H-*eqY 3.63(qa, 

7 58 fbm IH NWCHj); 7^4 (hs f IH, MH-1). MS (EI) m/- 382(18. 
^)[3?SK4)%3(10); fedl); 154(20); 144(19); 84(34); 72(9): 58(100). 

6-a-Propenyl)-erzolin€-8&~cnrbox(Dnide XVI 

A solution of 10 g (0 032 mol) nf 6 ; (2-p ro peny!)^.hydrolysergic aad 
methvl ester and 3.4 g (0.064 mol) of ammonium chlonde m methanol 
(SoC > ml) was saturateu with gaseous ammonia at -20<:- The r^uluug 
solution was heated overnight «i 12»C in a sta.nlcss «c^vc«cl. Tte 
solvent was removed and the residue was taken up in 10 Na a C0 2 solu- 
tion and extracted with ethyl acetate. The organic ciuacts wet e washed 
with brine, dried (Na.SO,) and the solvent evaporated. The <*"£,a™£ 
was crystaJlized from acetone to afford 6o g of pure XIV. mp. 
W-lft-C Anal. C w H 21 N,0) C,H,N. IR (KBr): 3MW-2700 cm- (v 




"*Continuine the elution wilh acetone, the desired product IX was 
obtained and crvstallized trom diethyl ether to give 9.7 g (81%), mp: 
102-104«C. 

Method B I 
tf.p-(Dimethy!amino)propylJl*'((eihyIamwo)m^ 
eolineSB-cnrboxamuie XV 

Cuiupwi*j»d XV was prepared starting from compound XII by reaction 
with cthvlisocyanate, to give the title compound tn 87 J yield, mp: 
64-6S-C. AuaL (C^H^O^ C.H.N. IR (KBr): 3600-2700 cm-' (v 
N?-h! C-H); I670?m-t iVC^O). »H NMR (200 MHz CDQ,) 5: 0.S9 




382(23); 251(31 )/l73(23): 167(28); 154(36); 84(39): 71(36); 58(100): 
56(65). 

S-[3-(Dimethyfo»imo)pTopyl]-f*I(*thytam 

propyt'erRulinc-Sp-carboxamidc XVI . 
To a stirred solution comaininn 1 g (0.0022 mol) of compound XV in 
aioxane (50 ml) was added ponionwxse. ,V-bromosuccioinudc (0.43 g. 
0.0024 mol) at room temperature. AfteT3 h, die resulting dark solution 
was diluted xvith ethyl acetate, and washed first with a NaHSOj aqueous 
solution, then with NaHC0 5 solution. After drying (Na^O,) the solvent 
was removed ut vacuo and the Tcsidue was chroma lagraphen rm wlica 
gel elutinc with acetone. The combined fractions afforded, after evapo- 
ration of the solvent. 0.66 fi (56%) of XVI as a foam. Anal. 
'CwH M N50 2 Br) C.H.N. IR (KBr): 3600-2700 cm -> (v N-H. * C-H); 
i670 «-*(lc*0). 'H NMR (200 MHz, CD0 3 ) & 0.89 (t, /=73 Hz. 



2.36 (m, 2H, C// 2 N(CH X ) 2 ); 2.6-2.8 (m, 6H. H-4ax. // ; 5«, H-Sax, 
H-9eq. NC^CH : CH 3 ); 3.03 (m, IH, II-Wax); X\Z {m y IH* H-7eq£ 
3.2-3:4 (m, 3H, l}-4eq. NHC^CH,); 3.S6 (m, 2H. 
C/^CHiCHjNCHs); 6.9-7.3 (m f 3H, H-Z2, /fWJ, H-7^); 8.06 Ihs* f*H- 
1); 9.43 (bm. IH. NWCH-CHj). MS (VD)m/s 533(100. M-); 531(98, 
M + ). 
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N-[3~(Dimethylamino )propyIJ-N-{ ( ethylamino)carbonylj-6-isopropyl- 
ergoIine-&-carbaxamidc XVII 

Compound XVII was prepared starting from compound XIII by reaction 
with etbvl isocyanate, to give the title compound as a foam in 78 7o yield. 
Anal. (C-H^NjOj) C.H.N. IR (KBr): 3600-2700 enr' (v N-H, v 
C - H); 1670 cm" 1 (vC=0). »H NMR (60 MHz, DMSO-oV) S: 0.S3. 
1.13 (two d, .7=6.5 Hz, 6H. NCH(CH>> 2 ); 1.10 (t, J=7.0 Hz, 3H y 
NHCH,CW0; 2.15 (s. 6H, N(Ctf,)i); 6.*-7.2 (m. 4H, tf-/2, 
/f-/4); 8.89 (bm, IH. NWCH,); 10.40 (bs, 1H, N/7-l). MS (EI) mVz: 
453(2, M-): 382(5); 253(4 1;" 20 If 5); 173(5): 154(7); 144(5); 7l(S3); 
58(30); 56(100). ... 

N-(3-( Dimethylamino)propyl]-'N-{ ( meihylamin o)carbonyiJ-6~(2-p rope- 
nyO-ergotine-fe-carboxamide XVU1 

Compound XVIII was prepared starting from compound XI by reaction 
with methyl isocyanate, to give the title compound in 60% yield, mp; 
126-128*C. Anal. (CyH^jOi) C.H.N. IR (KBr): 3600- 2700 cm"' (v 
N-H, *>C-H); 1670cm-' (*C^O). 'H NMR (60 MHz, CDCl 3 ) *: 2.23 
(s, 6H, N(C/A)J; 2.85 (d. /=4.4 Hz, 3H, NHCr/,); 5.30 (m, 2H, 
=CH Z ); 5.90 (nVlH, CH = ): 6.8-7.2 (m, 4H, H-2. H-J2, H.J4): 
8.20 (bs, 1H,NW-1);9.40 (bq,/-4.4 Hz.lM, N//CH,). MS (EI) m/z: 
437(15, M~>; 380(35); 251(19); 159(JT); 154(28); 144(14); 84(24); 
58(84); 57(100); 56(29). 

N-[3-(Dimethylamino)propyl}-Ts-[ (phenylarnin o)carhonyl}-6- (2-prope~ 
nyl)-er%oline-fi-carboxamide XDC 

Com pound XIX was prepared starting from compound XI by reaction 
with phenyl isocvanatc, to give the ride compound in 74% yield, mp: 
S2-85°C. "Anal. (C^H^O^ C.H.N. IR (KBr): 3370 and 3000 on'C 
N-H); 1700 and 1620-1600 cm-' (*'C«0). *H NMR (CDCM 5: 11.74 
(s, 1H. CO-/W-Ph); 7.97 (s, IH, Atff-i); 6.8-7.6 (m, 9H. H-/2, tf./J, 
H-14,H-2. 5.97 (m, IH, -C//=CG 2 ); 5.21 (m, 2H, -CH=*Cff 2 ); 

2.60 (dd. 7=11.5 & 11.5 Hz, IH, H-?ax): 2.42 (t. 7=6.5 Hz. 2H. 
CHj-Cf/t-NCCH,^); 2.32, 2.30 (wo s, 6H, N(C#,j>); 1.94 (t, J-&.S 
Hz, 2H, CH--C/f 2 -CH 2 -N(CH 3 ).»); 1.80 (ddd/ 7=12.5, 12.5 & 
12.5 Hz, IH, H-9ax). MS (EI) m Sz: 3S0(0.12): 339(0.06); 119(100). 

N-/ (Ethylamino)carbonylJ-& ! {2-pTopenyl)-crgolinz-$ &-carboxamideXX 
Compound XX was prepared starling from compound XIV by reacrion 
with ethyl isocyanalc, to give the title compound in 90% yield, mp: 
210-212°C. Anal. (C.H^O,) C.H.N. IR (KBr): 340O-3000 cm » (* 
N-H); 1650 cm"i (/C=0). *H NMR (60 MHz, CDCI,) & 1-20 (t,/= 
7.0 Hz, 3H, NHCH,CH 3 ): 5.30 (m, 2H, =CH->)\ 5.90 (m. IH, C«»); 
6.8-7.2 (m, 4H, 11-2, H-t2 t H-13. H-14)\ 8.18 (bs, IH, MH-I); 3.45 
(bm. IH. NtfCH 2 ); 9.S0 (bs, IH. CONHCO). MS (El) m/zz 366(45, 
M^ ); 321(95); 295(54); 251(21): 209(69); 167(82); 154(100): 144(47); 
127(43); 115(18). 



Pharmacology 

And- nidation activity 

The prolactin secretion inhibitory activity was indirectly evaluated utiliz- 
ing the nidation inhibition test in rats. Tn fact, the dose inhibiting nida- 
tion in 50% of ihc animals is related to the dose inhibiting basal prolactin 
secretion by 50% for at least 24 fa in male rats [18]. Adult female 
Sprague-Dawley rats (180—230 g), supplied by Charles River, were 
housed with fertile male rats during the night of procstrus. The followuig 
mom-ing, vaginal smears were checked for the presence of spermatozoa 
(first day of pregnancy). Animals with positive vaginal smears were trea- 
ted in the morning of the 5th gestational day (6—8 animals per group) 
with test compounds, suspended in 5% gum arabic, at the screening dose 
of 8 mg/ kgp.o. On the 14th day of pregnancy, laparotomy was perfor- 
med under light ether anesthesia and the uterine horns were checked for 
the presence or absence of implantation sites. The percentage of animals 



without implantations was calculated. The active compounds were test- 
ed at lower doses for evaluation. Bromocriptine, well known for 
both its anti-nidation and ami -prolactin activities (19], was used as a refer- 
ence standard. 

Acute toxicity 

The acute oral toxicity of the compounds was evaluated in male Swiss 
mice, supplied by Charley River. Each compound, suspended in S°'n gum 
arabic, was administered at various doses (5-6 animals per dose) and 
the dose causing the death of 50% of the animals (JLDjo) within the 7th 
cay following treatment was approximately evaluated. 
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